Abstract-Cold chain logistics demands a high temperature standard during transportation. In order to ensure temperature requirement, a wireless sensor network used for cool box temperature monitoring and GPS location in cold chain logistics is presented in this paper. Wireless sensor module collects sensory data, then it is uploaded to server so as to provide real time monitoring. Because the scale of the sensory data in cold chain logistics has already exceeds several petabytes with the growth in business, this paper also presents a theoretical framework which is developed to model the link correlations in cold chain logistics sensory data. The proposed architecture can effectively reduce the number of data transmission and reduce the consumption of energy. This technology is of great practical significance for sensor nodes powered by batteries. Finally, the extensive real experiment results indicate that the proposed mechanisms obtain high performance in terms of energy consumption and accuracy.
INTRODUCTION
Cold Chain Logistics refers to that frozen foods have been in low temperature environment during the each link of the production, storage, transportation and sales, to ensure the food quality and reduce loss of food. A complete cold chain logistics should deal with the goods in the whole temperature monitoring in order to ensure the safety of the food. Currently, the design and implementation of sensor node and network in collecting temperature and GPS big data is popular. Cold Chain Logistics big data needs wireless sensor network to transmit it. Big data transmission puts great pressure on Wireless Sensor Networks and causes network congestion.
Recent work has shown that wireless links are not independent in WSN [1] [2] , and that transmissions from a transmitter to multiple-receivers are correlated. The transmission of Logistics big data faces the same problem. The finding of link correlation brings a good model for logistics WSN design, opening up new opportunities for network optimization.
At present, there has been some research effort to study the correlation Framework of Data transmission [3] [4] in the field of Cold chain logistics. These work are mainly concentrated on the refrigeration freezing technology, cold chain temperature monitoring system, the food tracking and back system in logistics and so on. For example, in [5] , a wireless sensor used for cool temperature monitoring in logistics is presented. The proposed scheme is implemented by integrating a wireless microcontroller based on IEEE 802.15.4 standard. On the other hand, there exist some work which attempt to exploit link correlation in transmission of Logistics big data [6] [7] . However, these transmission schemes of logistics data aim to find the optimum rate so as to compress redundant information in the sensor network. These studies also do not consider exploit link correlation in big data transmission of Cold Chain Logistics.
In this paper, the authors present a big data transmission scheme. This scheme achieves a tracking and tracing system. The system includes several sensor nodes designed for temperature and humidity data collection and a sink node used for data upload and ZigBee network organization in order to facilitate the monitoring of temperature and humidity of cold chain logistics. Because of lots of data to be collected and transmitted, the authors propose a correlations metric called  is a 3-tuple metric that measures packet reception correlation on two links. When  is 1,it means that the two links are highly correlated, zero means they are independent, and -1 means that the losses on one are highly correlated with successes on the other [8] .
When the two links are positively correlated, a node is randomly selected to transmit the sampling data. When the two links are negatively correlated, we also randomly select a node to transmit it and apply correlation analysis algorithm to calculating the sampling value of another node [8] .When the two links are independent, the two nodes transmit the sampling data, simultaneously. The framework effectively reduces the number of data transmission and energy consumption of perceptive node.
II. SYSTEM MODEL OF COLD CHAIN LOGISTICS
This paper adopts the temperature monitoring system framework of cold-chain logistics which is composed of WSN, GPRS and monitoring center, as shown in Figure 1 . In the cold chain Logistics transport vehicle, the temperature data is acquired by wireless sensor named as a general aware nodes, which will transmit their temperature data to the sink node deployed at the top of their vehicle. Sink node is responsible for data collection and query tasks, and process the data received. Through GPRS wireless communication, it transmits data query results to the supervision center.
The romote monitoring center has the network topology information of sink node and all aware nodes. The sink node has network topology information of all aware nodes in the vehicle. A aware node has the topology information of the sink node and neighbor aware nodes in the same vehicle.
III. MATHEMATICAL MODEL
The amount of data collected by perceptual nodes is huge in logistics vehicle A large number of data are needed to be stored and transferred through the network to the server side. However, the bandwidth of the network is very limited. To solve these problems,a big data transmission correlation model is presented to reduce the average transmission counts of logistics data and energy consumption of nodes. This paper considers a popular quantity in statistics that measures correlation between two data transmission links: the cross-correlation index  .
 is a 3-tuple of one receiver, r and two random variables, x and y, corresponding to transmission at two transmitters. The receiver, r, is sink node. "x" and "y" represent the two sampling node and transmit big data to sink. It assumes that "x" and "y" are random variables representing 1 for a successful reception and 0 for a failure. This paper uses "x" and "y" to indicate the transmitter and their corresponding transmission link.
This paper analysis with a simple network of 3 nodes, namely x, y and r. In this setup, x and y is the source node and r is the destination node(sink node). Figure 2 shows this setup along with the packet reception ratios of all the links. 
where x P represents packet reception ratio(PRR), which is the probability of the successful acceptance of a data packet. Similarly, y P is the same meaning.
FIGURE II. A 3-NODE NETWORK
 is defined as: 
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According to the principle of Statistics, , , 1 1
, , x y r  also compares the probability that both links actually receive a given packet to the probability that both would receive a given packet if their receptions were independent. If the difference between these two values is zero then the receptions
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at x and y are independent, positive means positively correlated and negative means negatively correlated.
This paper uses
, , x y r  to build the correlation between the two links(x and y). When the two links are positively correlated, we randomly select a node to transmit the sampling data. When the two links are negatively correlated, we also randomly select a node to transmit it and apply correlation analysis algorithm to calculating the sampling value of another node. When the two links are independent, the two nodes transmit the sampling data, simultaneously. This transmission mechanism proposed in this paper can effectively reduce redundance data transmission and energy consumption and avoid the network congestion. This is of great practical significance for sensor nodes powered by batteries.
IV. PERFORMANCE ANALYSIS AND SIMULATION EXPERIMENTS
In order to observevarious degrees of correlation present between two links in the vehicle, this paper uses measurements and experiments from both 802.15.4 and 802.11b networks. 802.15.4 is an IEEE PHY-MAC low power, low data rate network standard with a 16 channel spectrum that overlaps the spectrum of 802.11b.We run 802.15.4 experiments using TinyOS running on the IntelMirage testbed, which consists of 10 Micaz nodes placed into logistics vehicle [9] [10]. Previous paper has used cross-conditional probability, χ, as the correlation [11] . This paper use a simple example to indicate why χ is not a good correlation metric.
We generate a synthetic trace on two links with varying PRRs. There are three cases. In the first case, the two links pair are independent. In the second case, the two links are positive correlation with the two links having same PRRs. This is the case shown in Figure 3(a) .In the third case, the two links are negative correlation with the PRRs summing to 1. This is the case shown in Figure 4 (a). figure 7 shows the same problem when the two links are perfectly negatively correlation. From the experiments, it indicates transmission framework has a high feasibility and practical value. Figure 8 compares the changes of ETC in two cases of positive correlation and unrelated conditions. It can be seen from the figure that with the continuous improvement of PRR, the ETC continues to decline. This is due to the improvement of link transmission quality, which leads to the reduced number of data transmission required. In addition, under the positive correlation conditions, the number of data transmission can be greatly reduced by using the framework mechanism of this paper in contrast with uncorrelated conditions. Figure 9 also has the same problem. The proposed framework used for data transmissionin in cold chain logistics has been developed. The link quality has also been measured in the logistics vehicle. The measured result shows that the propose framework located at the testing points in the vehicle can communicate with the sink node efficiently. The system has stable performance. 
